The objectives of this study were to determine the risk factors for postpartum endometritis by evaluating several reproductive factors in individual cows, and to determine the effect of endometritis on the subsequent reproductive performance in dairy herds in Korea. The data, including health status, parity and body condition score (BCS) of cows, and calving date, were collected from 320 cows in eight dairy herds calving from January 2001 to October 2002. We used logistic regression to evaluate the effects of these factors on endometritis. A stepwise procedure, used to obtain the appropriate model with α=0.05, revealed that retained placenta, metabolic disorders and parity are the important risk factors for endometritis. The mean intervals from calving to first service and conception were prolonged (P<0.01) by 23 and 36 days, respectively, in the endometritis group compared to the non-endometritis group. The first service conception rate was lower (P<0.05) in the endometritis group (47.6%) than in the non-endometritis group (62.6%). The number of services per conception was higher (P<0.05) in the endometritis group (1.9) than in the non-endometritis group (1.6). We conclude that retained placenta, metabolic disorders and cow parity are strongly correlated with the development of postpartum endometritis, which decreases reproductive performance in dairy herds in Korea.
ndometritis is a common reproductive disease that causes economic loss [1, 2] . Bartlett et al. [1] showed that the cost to producers for each lactating dairy cow with endometritis was $106. Various r is k fact o r s rel ate d t o t h e de vel o pm ent o f endom et rit is in ind iv idua l co ws ha ve been identified, although some are controversial. The foremost, retained placenta, is associated with an increased risk of endometritis [3] [4] [5] [6] [7] . Calving problems including dystocia [4, 6, 8] , stillbirths [6] and multiple births [9, 10] are also related to increased incidence of endometritis. Other diseases associated with the development of endometritis include metabolic disorders, such as abomasal displacement, milk fever, and ketosis [4, 6, 10] . In addition to these postpartum diseases, cow parity [10] , BCS [7, 11, 12] , and calving season [13, 14] are also considered as risk factors for endometritis, but some researchers have found no association between age or parity [1, 8, 15] , BCS [16] , or calving season [1] and the incidence of endometritis.
Endometritis adversely affected reproductive performance in dairy cows in several studies [17] [18] [19] [20] , but Martinez and Thibier [21] and Markusfeld and Ezra [22] found that endometritis did not negatively affect subsequent fertility. Gröhn et al. [14] described endometritis as a risk factor for cystic ovarian disease, anoestrus and other reproductive disorders. Recently, LeBlanc et al. [23] reported that endometritis prolonged the average calving-to-first insemination and calving-to-conception intervals, and reduced the first service pregnancy rate after calving in d airy co ws , but they found t hat endometritis did not negatively affect the number of AI per conception.
R isk factors for endometritis vary a mong different regions or countries because of differences in general management, environment and herd health control conditions. In addition, effects of endometritis on reproductive performance have varied in previous studies. Our first objective was to determine the risk factors for postpartum endometritis by evaluating several factors: calving condition, postpartum diseases, cow parity or BCS, and calving season in dairy herds in Korea. The second objective was to determine the effect of e nd o m e t r i t i s on s u bs eq u en t r e pr od u c t i v e performance.
Materials and Methods

Herds
This study was performed on Holstein dairy farm s loc ated in B oeun co unt y, C hung buk province, in central Korea. All herds contained 50 or more cows and received regular reproductive health checkups every 4 weeks from veterinarians at the College of Veterinary Medicine at Chungbuk N a t io n a l U n i v e r s i ty , K o r e a . T h e r e g u l ar reproductive health checkup included diagnosis and treatment of reproductive disturbances, pregnancy diagnosis and measurement of BCS (based on criteria developed by Edmonson et al. [24] ). Average milk yield was 8,800 Kg per year per cow. The cows were maintained in free-stall facilities and fed a total mixed ration. The average monthly air temperature in the area was 4. 
Case definition
A n a b n o r m a l p a r t u s i n c l u d e d d y s t o c i a (veterinary-assisted calving or pulling with extreme force), caesarean section, twins or stillbirth [20 , 25] . The postpartum reproductive and metabolic disorder definitions used in this study are similar to the definitions used in previous studies [6, 26, 27] . Retained placenta was defined as the retention of the fetal membrane for > 24 h. Metabolic disorders (abomasal displacement, milk fever and ketosis) were diagnosed by clinical signs observed by the veterinarian and/or farmer within 4 weeks postpartum. Abomasal displacement was diagnosed by a pinging sound upon abdominal auscultation by a veterinarian and all cases were corrected by surgery. Milk fever was diagnosed by the presence of the following clinical signs: weakness, cold skin, and favorable response to calcium therapy. Ketosis was defined as the presence of the following clinical signs: anorexia, depression, and odor of acetone on the breath. Endometritis was diagnosed 4 weeks postpartum by examination by the corresponding author and diagnosed by the presence of the following clinical signs: cloudy discharge and enlarged uterus observed by rectal examination with or without other clinical signs. Therefore, endometritis included cases of metritis and pyometra as well as endometritis [7, 28] . Repeat occurrences of these conditions in a single cow were included.
Data collection and processing for determination of the risk factors for endometritis
Data were collected from 320 Holstein cows from eight Korean dairy herds calving from January 2001 to October 2002. Table 1 lists independent variables that describe health status, parity and BCS of the cow, and calving season. All diseases were coded as dichotomous variables (no=0, yes=1). In order to ev al uat e t he in fl uen c e o n d ev e lo pm ent o f endometritis of abnormal partus (total cases of dystocia, caesarean section, twins and stillbirth), retained placenta, metabolic disorders (total cases of abomasal displacement, milk fever and ketosis), cow parity and BCS at 4 weeks postpartum, and calving season, we used logistic regression with the SAS program [29] . Initially, to determine which independent variables influence endometritis, simple logistic regression was applied to each independent variable separately. Later, a stepwise procedure was used to obtain the appropriate model with α=0.05.
Evaluation of the effect of endometritis on reproductive performance
Cows were grouped based on the incidence of Reproductive performance data were collected for a minimum of 7 months postpartum or until pregnancy or culling. The following outcomes of reproductive performance of the endometritis group and the non-endometritis group were compared: interval calving to first service, interval calving to conception, first service conception rate and number of services per conception. Statistical analysis was also performed with the SAS program. Data on the interval calving to first service, interval calving to conception and number of services per conception for the two groups were analyzed by ttest. Data on the first service conception rate for the two groups were compared by chi-square analysis. For all tests, a P value <0.05 was considered significant.
Results
The overall incidence of endometritis, in a total of 320 calvings in eight herds, was 36.6%. The final model identified retained placenta, metabolic disorders and cow parity as risk factors, whereas abnormal partus, BCS at 4 weeks postpartum, and calving season were not identified by the model ( T a b l e 2 ) . T h e e f f e c t o f e n d o m e t r i t i s o n reproductive performance is shown in Table 3 . The in ter v als fro m c alv ing to firs t s erv ic e and conception were longer (P<0.01) in the endometritis group (100.9 ± 4.1 and 149.2 ± 7.2 days) than in the 
Discussion
The data presented here show that retained placenta, metabolic disorders and cow parity are important risk factors for postpartum endometritis, which increases the intervals from calving to first ser vice and co nceptio n, decr eas es the first conception rate, and increases the number of services per conception in dairy herds in Korea.
The incidence of postpartum endometritis in this study (36.6%) was similar to those reported by Markusfeld [30] and Heuwieser et al. [31] , but the incidence w as higher than some previously reported rates (16.9-22.4%; [1, 23, 32] ) and lower than the rate (61.6%) reported by Gilbert et al. [15] . The different incidence rates of endometritis in these studies might be explained by the different diagnostic methods employed, different times of endometritis detection, different characteristics of the cows, or varied herd management practices [8, 23, 31, 33] .
Endometritis was significantly associated with retained placenta, metabolic disorders and cow parity in this report. Increased risk of endometritis (odds ratio=5.67) in cows with retained placenta was consistent with the results (odds ratio=5.8) of Erb et al. [18] as well as most previous studies [4, 6, 8, 25, 34] . Retained placental membranes may serve as a perfect medium for bacterial growth [35] , so that any treatment that reduces the severity of the ensuing endometritis would be beneficial in cows with retained placenta. Metabolic disorders (total cases of abomasal displacement, milk fever and ketosis) were also related to an increased risk of developing endometritis, consistent with previous reports [6, 10, 30] . Most metabolic diseas es , including milk fev er, keto sis and abomasal displacement, occur within the first two weeks of lactation [7, 36, 37] . During this period, the high demand for nutrients causes the body fat in cows to mobilize, which may result in the development of metabolic diseases such as milk fever and ketosis-fatty liver complex [38] . These unfavorable nutritional and metabolic conditions [4] , in addition to decreased immune activity [39, 40] co u pl ed w i th t h e c o m m o n i nv as i o n o f pathogens [41] , during the periparturient period may increase the occurrence of endometritis. Our findings of an association between endometritis and increased parity were discordant with the results of Markusfeld [30] demonstrating a link between decreased parity and development of endometritis. On the other hand, parity and endometritis have also been shown to have a ushaped association [10, 35] . Specifically, Bruun et al. [35] reported that heifers are more susceptible to developing endometritis than second-parity cows, because damage to the uterus is more common in heifers, and third-parity cows are more likely to develop endometritis than second-parity cows due to delayed involution of the uterus and increased risk of infection. We speculate that the heifers in this study had less uterine damage than those evaluated in other studies, and increased parity, especially more than third parity, might predispose cows to postpartum uterine infection, which subsequently develops into endometritis. Abnormal partus, BCS at 4 weeks postpartum, and calving season were eliminated from the final model, as these three factors did not influence the incidence of endometritis. Our finding that abnormal partus is not related to increased risk of endometritis is consistent with the study by Erb et al. [34] , but previous studies reported a link between abnormal partus and endometritis [6, 10, 25, 30] . Markusfeld and Ezra [22] reported that damage inflicted o n the uterine wall by an oversized fetus or over-conditioning might be a major factor in the etiology of endometritis. BCS at 4 weeks postpartum, at the time of endometritis diagnosis, did not significantly affect the incidence of endometritis in our study, which is consistent with the report of Waltner et al. [16] , but Gearhart et al. [12] reported that cows over-conditioned at 30 days po st part um w er e m or e likely t o have endometritis. Furthermore, Heuer et al. [7] reported that endometritis occurred between calving and 20 days postpartum more often in thin cows. These conflicting results suggest that BCS around 1 month postpartum is not consistently related to endometritis. In agreement with Bartlett et al. [1] , we found that the calving season was not related to increased risk of endometritis, but Barnouin and Chacornac [42] and Bruun et al. [35] reported that during the winter months, cows are generally less healthy and thus more prone to infections, including endometritis. Different temperature ranges or management environments of countries or regions may account for these varied results.
Effects of endometritis on the intervals from calving to first service and conception, conception rate at first service and number of services per conception were evaluated. The intervals from calving to first service and conception were longer in t he end ometritis gro up than in t he nonendometritis group, which is consistent with other reports [2, 17, 19] . In some studies, however, the interval from calving to first service was not d iffer ent , b ut t he in t erv a l fr o m cal vi ng t o conception was longer in cows with endometritis than in cows without endometritis [15, 43] . The conception rate at first service also was lower in the endometritis group than in the non-endometritis group. Most reports are consistent with our results [2, 18, 44] , but, some researchers found that en do m et ri ti s di d n o t negat i vel y affec t t he conception rate at first service [11, 22] . A negative effect of endometritis on the number of services per conception has been reported previously [19, 45] , but, in other reports, the number of services per conception in cows with endometritis and cows without endometritis did not vary [15, 46] . A recent meta-analysis revealed that endometritis was associated with more days to first service, lower conception rate at first service, and more days to conception, which is consistent with our results [20] . More recently, the results of LeBlanc et al. [23] also support our findings for the most part, as endometritis increased the average calving-to-first insemination and calving-to-conception intervals, and decreased the pregnancy rate to first service after calving, but they found no negative effect of endometritis on the number of AI per conception.
In conclusion, retained placenta, metabolic disorders and cow parity are important risk factors for postpartum endometritis, which increases in ter v als fro m c alv ing to firs t s erv ic e and conception, decreases the first conception rate, and increases the number of services per conception in dairy herds in Korea.
